An emulsion fuel is one of an alternative method that has been used to reduce exhaust emissions from diesel engine. However, water emulsion of biodiesel was not properly explored in diesel engine. In this work, the effect of water concentration in palm oil diesel emulsions (POD) [POD is palm oil Methyl ester] on exhaust emissions of a four-cylinder diesel engine was investigated. The engine speed was set at 2500 rpm and loads at 20, 40 and 60 %. Water-in-POD emulsions were prepared using ultrasonic emulsifier by mixing POD fuel with 5, 10 and 20 % of water by volume. Results of exhaust emissions for POD and their emulsion were compared with ordinary diesel (OD) fuel. The experimental results show that, the increasing water concentration in POD decrease the NO x and PM simultaneously. POD-water emulsion is a promising alternative fuel for reducing emissions from diesel engines without any engine modification.
Introduction
Biodiesel is one of the main renewable and environmental friendly alternative fuel due to its best characteristics for diesel engines [1] . In Malaysia, palm oil is one of the promising oil as the raw material of biodiesel due to low cost and high productivity. As a biodiesel fuel, Palm Oil Methyl Ester (POD) is an oxygenated fuel which contains around 10 to 15 % oxygen by weight. This gives advantages such as reduced emission of particulate matter (PM) and enhanced burning efficiency. However, there will be larger NO x formation compared to ordinary diesel (OD) due to higher oxygen content [2] . Previous studies showed that the utilization of water in biodiesel [3, 4] and diesel [5, 6] was proved to reduce NO x and PM simultaneously.
In this work, diesel-biodiesel blend was used as base fuels with the volume of POD set at 20 % and diesel 80 % which are commonly recognized as B20. Water-in-POD emulsions were prepared by adding 5, 10 and 20 % water mixed with surfactant using ultrasonic homogenizer. The engine speed of four-cylinder four-stroke diesel engine was set at 2500 rpm and engine loads at 20, 40 and 60 %. The exhaust emission was collected by using Kane 900 gas analyzer. Results of exhaust emissions for POD and water-in-POD emulsion were compared with OD fuel.
Materials and Method
An ultrasound method with an ultrasonic emulsifier were used to prepared the emulsions by mixing POD fuel with 5, 10 and 20 % of water by volume. They were designated as PODW5, PODW10 and PODW20, respectively. Span 80 and Tween 80 were utilized as surfactants and their mixture was set at 2 % of the total volume of water and POD in the emulsion. The specification of the four stroke four-cylinder diesel engine is shown in Table 1 .
To reduce the temperature of the cylinders and the lubricant, the cooling system of the engine is connected to a cooling-water tower by means of a cooling-water pipe. The engine was coupled to a 150 kW ECB eddy current dynamometer which is equipped with Dynalec controller. During the experiment, the engine speed was fixed at a 2500 rpm and the engine load was varied at 20 %, 40 % and 60 %. Two separate fuel tanks equipped with a stirrer and fuel valve systems were used to deliver the diesel fuel and emulsified biodiesel. In the fuel delivery system, a fuel flow meter (model AIC 1204) was utilize to measure the fuel consumption rate of both fuels separately. Fig. 1 shows the engine test bed. The engine was fuelled with the OD in the initial operation until it reaches steady condition. After that, followed by the teste fuels its procedure is similar to that applied by [7] . Each fuel test was repeated three times to provide repeatability of results. During the engine testing, the Kane 900 gas analyzer was used to collect the emissions data. The sampling probes of the gas analyzer and the smoke meter were installed at the end exhaust pipe. The concentration of pariculate matter (PM) was collected on composite filter and measured by using a high precision electric balance under controlled temperature and relative humidity.
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Figure 1: Engine test bed apparatus
Result and Discussion
Carbon Monoxide (CO). The result in Fig. 2 shows the effect of water volume in the POD-water emulsions verses the CO concentration. It shows that increasing water content in the POD-water emulsion increased the CO concentration. While the CO concentration decreased with an increase in engine load for the base fuels OD and POD, it is observed to increase proportional to the engine load for the POD-water emulsion fuels. This phenomenon indicates incomplete combustion process of the fuel and lower burning efficiency inside combustion chamber with the water-POD emulsions [8] .
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Advances in Mechanical, Materials and Manufacturing Engineering Carbon Dioxide (CO 2 ). The effects of POD and their emulsion on CO 2 emission with respected to engine load are shown in Fig. 3 . The results show that at low to mid load range, CO 2 emission almost doubled for all fuel types and this similar trend were observed for mid load to high load range. Overall, POD emits 6 % lower CO 2 emission compared to OD. At all engine loads, the CO 2 formation decreased with increasing water concentration, as reported by Alahmer [9] . Which also proof that the total carbon content must be less than POD [10] .
Nitrogen Oxides (NOₓ). The effect of water concentrations in POD emulsions and engine load verses the changes of NO x emissions are shown in Fig. 4 . The concentration of nitrogen oxides (NOₓ) increased from low to high load range. Higher engine load will increase the exhaust gases temperature and cylinder temperature which then increased the NOₓ formation. Compared to all fuels, POD produced the highest NO x emissions due to several factors such as high oxygen content and higher degree of unsaturation [2] . However, the NOx emisssions were decreased significantly for all loads range by adding water to POD.. This is due to heat absorption by water vaporization that reduced the maximum combustion temperature which then reduce the NO x formation significantly [11] . These results confirm that POD emulsions is an effective method as a counter measure in NO x reduction which is increased with the use of biodiesel [12] . were about 16 %, 17 %, and 24 %, respectively. Due to the volatility differences between the fuel and water, the fuel-air mixing in the combustion chamber were enhancedthat reduced the formation of PM [12] . Besides that, according to Lin [13] the water vapor will condensed to be liquid water and helped to dissolve some of PM.
Conclusion
POD emulsions containing 5, 10 and 20% water were prepared and tested for exhaust emissions in a four-cylinder diesel engine. The results were compared with OD and POD fuel. Based on the results, several conclusions can be made;
i. It shows that, increasing water content in POD emulsion increase the CO concentration for all load range. ii. The results shows that at low to mid load range, CO 2 emission almost doubled for all fuel types and this similar trend were observed for mid load to high load range. At all engine loads, the CO 2 formation decreases with increasing water concentration. iii. Adding water to B20 decreased the NOx emisssion significantly for all loads range. These results confirm that emulsified biodiesel is an effective method in NO x reduction. iv. The concentration of PM was also decreased with the increasing of water content in POD emulsion.
